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This paper presents the performance evaluation parameters for the determination of total phosphorus in water, 
obtained in laboratory parameters. To validate the method were evaluated performance parameters were compared with 
parameters of quality certificates, the group issued by Merck and requirements imposed by the laboratory. 
 





Analytical method validation is the first level 
of laboratory quality assurance and represents a 
comprehensive set of measures that the laboratory 
must take to ensure it is able to achieve continuous 
quality data. It is the confirmation by examination 
and provision of objective evidence that certain 
specific requirements for intended use are fulfilled.  
The extension of the validation of analytical 
methods depends on the type and scope of the 
method. Laboratory must decide which method 
performance parameters should be characterized in 
order to validate the analytical method.  
The ultimate goal is the validation of 
analytical methods to provide confidence in results 
obtained. Validation of a method is performed, 
usually to obtain assurance that an analytical 
measurement is accurate, is specific, reproducible 
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Parameters of performance in a validation 
study are: accuracy, precision in repeatability and 
reproducibility, limit of detection, limit of 
quantification, robustness, recovery, selectivity, 
measurement uncertainty.  
1.14848 Spectroquant method is analogous to 
ISO 6878/1-2005 method and is used to determine 
orthophosphates and total phosphorus in drinking 
water, groundwater, surface water, wastewater, 
seawater, soil and foods.  
1.Method Principle. 
Phosphate ions in solution acidified with 
sulfuric acid, reacts with molybdate ions to form 
molibdofosforic acid is reduced by ascorbic acid 
phosphomolybdic blue (PMB) which is determined 
photometrically.  
This method gives phosphates and total 
phosphorus to determine in advance the sample is 
mineralized, the thermosetting with CrackSet 10, 
code 1.14687.  
Measuring range 50 mm recommended for 
tanks is 0.010 to 1.000 mg/L PO4-P, for tanks 20 
mm, 0.03 to 2.50 mg /L PO4-P and vats of 10 mm, 
0.05 - 5.0 mg/L PO4-P.  
Kit 1.14848 has 420, used tests and reagent 
bottles containing 2 PO4 -1, 2 PO4 -2 reagent 
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bottles. Absorbance measurement is made in 




The concentration of foreign substances that 
interfere in mg/L: Ag+ - 1000, Ca2+ - 1000, Cd2+ - 
1000, CN-  - 1000, Cr3+ - 1000, Cr2O7 – 5, Cu 2+ - 
250, Pb2+ - 25, S2- - 2.5, SO32- - 1000, Zn2+  - 1000, 
Fe3+ - 2.5, Hg2+ - 10, Mg2+ - 1000, Mn2+ - 1000, 
NH4+  - 1000, Ni2+ - 500, NO2- - 1000, Surfactants – 
100, COD – 150. 
In the wastewater matrices analyzed in the 
laboratory, only COD exceeded the 150 mg/L, the 
 
interference is eliminated by diluting the sample. 
 
3. Working mode 
 
a.Sample mineralization: to determine 
orthophosphates mineralized samples but not for 
determining total phosphorus which is mineralized 
with Spectroquant CrackSet 10, 1.14687. 
Complexes containing phosphorus are destroyed by 
digestion with sulfuric acid and are converted into 
orthophosphate peroxodisulfat. 
CrackSet operating mode comprising: a vial 
of reagent R - 1, a vial of reagent R - 2 and a vial of 
reagent R – 3. 
Sample 
Reagent R -1 
R -2 
10 mL reagent 
1 drop 
1 teaspoon micro 
Pipetting into a test tube 
Add and shaking 
Add and vigorous stirring until completely dissolved reagent 
Ash the sample in thermosetting at 120 ° C for one hour and then allowed to cool to room temperature. 
Reagent R-3 3 drops Add and shaking 
 
b. Preparation of samples for measurement: 
 
Pretreated sample (10 - 35 ° C) 
 
Reactive PO4 -1 
 






1 teaspoon micro 
 
Pipetting in a test tube 
 
Add and shaking 
 
Add and vigorous stirring until completely dissolved 
reagent 
Allow to stand 5 minutes, then the sample in 10 mm cuvette and measure absorbance at 690 nm. 
 
4. Calibration and statistical evaluation 
Estimation of performance characteristics, 
were performed according to SR 8466/1999. 
They chose the work from 0.05 to 5 mg P/L. In 
preparing the calibration curve was divided into 10 
equidistant points work. The first and last point of 
concentration were made by 10 determinations, and 
for intermediate concentration points were made by 
five determinations.Values were graphically pads 
depending on the strength and resulted in the 
calibration curve (fig. 1). 
 
Phosphorus calibration curve
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Figure 1. The calibration curve 
The ten sets of data consisting of values xi 
and yi are subject to a linear regression analysis 
allowing to obtain the coefficients a and b, a 
calibration function that describes the linear 
correlation between the concentration x, the 
independent variable and the measured value y, the 
dependent variable. Linear calibration function is 
given by the equation: 
 
 
y = a + bx. 
 
Where:  
b is the slope of the calibration function, and  
a is calculated blank. 
 
a and b are coefficients of the calibration straight 
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It has been calculated: 
Slope, b = 0.6068, indicating the execution 
performance of the method of analysis is a measure 
of the sensitivity of the method.  




Residual standard deviation, Sy1 = 0.0088, 
which describes the performance index calibration 
accuracy (quality analysis method increases when b 
increases sensitivity and decreases when Sy1): 
 
 




























Standard deviation method, Sx0 = 0.0145, is 
the feature that allows the analyst to check his own 
work quality and performance index is a method of 







The coefficient of variation of the method, 
Vx0 = 0.58%: 
 





Field work was mainly checked by the 
linearity studies. In this regard there were two tests: 
the test of homogeneity of variances and linearity 
test. 
 
a.Test of homogeneity of variances: to 
examine the significant differences within the scope 
of work, dispersions are tested according to Fischer 
test. For this test to determine the amount of: 
 
                      PG = S12/ S102 = 0.579. 
 
Comparing the amount of PG with the value 
tabulated F distribution (Fisher-Snedecor), F9, 9, 
0.99 = 5.35, it appears that PG <F. 
So the ”deviation of S12 and S102 variances is 
not significant, simple regression analysis can be 
made.” 
 
b. Test of linearity. Easiest test to test the 
linearity is to plot the calibration data calculated 
using the regression.  
The statistical test of linearity, calibration 
data are used to calculate a linear calibration 
function and a nonlinear calibration function, both 
showing a residual standard deviation Sy1 and Sy2. 




DS2=(n-2) Sy12 –(n-3) Sy22 
 
 
DS2 and nonlinear calibration function 
dispersions are subjected to F-test to examine 
significant differences. 










   
 
 
Using the calibration data obtained was 
calculated: 
 linear calibration function (y = 0.0338 + 
0.6068 x); 
 nonlinear calibration function (y =  1.8560- 
0.0679x-0.0134x2) 
 test value PG required test F: PG = 2.694. 
Comparing the amount of PG with tabulated 
value of the Fischer-Snedecor law, F9.9; 0.99 = 5.35 
indicates that PG <F, so linear calibration function 
does not provide an improved adjustment. 




The extension of the validation of analytical 
methods depends on the type and scope of the 
method.  
Laboratory must decide which method 
performance parameters should be characterized in 
order to validate the analytical method. 
Performance characteristics and test methods 
Kit Merck laboratories, the proof is: 
 batch certificate accompanying each test set 
and is valid for all kits in the batch; 
 Quality Certificate which provides 
additional guarantees for the method. The 
performance characteristics are determined 
from a no. large lots. 
Basically the method is validated by Merck, 














 measuring range; 
 wavelength; 
optical path; 
 calibration function:  
Cexp = f (Cteor.) 
 slope, b; 
 blank; 
 confidence interval at 
P = 95%; 
 standard deviation 
method; 











 optical path; 
 lowest limit of detection, 
LLD; 
 method detection limit, 
MLD; 
 confidence interval at P 
= 95%; 
 The coefficient of 
variation method; 
 correctness / accuracy 
 




For this method were evaluated the following 
performance characteristics: 
 slope, b; 
 blank; 
 confidence interval at P = 95%; 
 standard deviation method; 
 The coefficient of variation method; 
 lowest limit of detection, LLD; 
 method detection limit, MLD; 
 accuracy;  
and compared with batch certificate (HC 899 698) 
and 1.14848 as the method stating that they were 
determined according to SR 8466 and SM 1030 C 
(LLD and MDL). 
Also were evaluated: 
 precision under repeatability conditions 
(same analyst, under the same measurement 
in a short period of time with the same 
equipment) on a total of 10 samples; 
 intralaborator precision under 
reproducibility conditions (same analyst, in 
a long time with the same equipment) on 
samples of the same concentration prepared 
from MR, in each set of samples analyzed; 
 precision under reproducibility tests and 
participating in various inter-scheme; 
 fortifierii recovery method; 
and compared with requirements imposed 
following: 
 accepted values of relative standard 
deviation, RSD, depending on the level of 
analyte calculated from the Horwitz 
equation: 
 
RSD < 0.6 · 2(1-0.5·lgC); 
 
 control sample concentration to be between 
the limits of control (x ± 3s) in the control 
chart; 
 for interlaboratory comparison Z score ≤ 2; 
 recovery must be within the range 90-108%. 
 
a. The lowest limit of detection LLD  
According to SM 1030 C is defined as the 
lowest concentration of an analyte in a sample, 
which still leads to a measurable result on which the 
analyte can be assumed to be present, with sufficient 
statistical probability. 
Absorbances were measured and 10 control 
samples was calculated S (abs.), S (mg/L) and 
 
                              LLD = t × S  
 
















Average Abs. 0.003 
S (abs) 0.0022 




b. MDL method detection limit 
According to SM 1030 C is defined as the 
analyte concentration that leads to measurable 
results, on which the analyte can be assumed to be 
present with a high statistical probability. 
Absorbances were measured at 
concentrations of 10 samples of the lower limit of 
the field, i.e. 0.05 mg /L PO4-P and was calculated S 
(abs.), S (mg/L) and 
 
MLD = t × S  
 
















Average Abs. 0.052 
S (abs) 0.0067 




The degree of match between a test result 
and the accepted reference value (real) of the 
measurand. To prove the accuracy for each analyte 
concentration from the calibration curve was used 






Range: 0.05 to 5.0 
mg/L PO4-P; 
 The tank 10 mm 
optical path; 
 λ = 690 nm; 
 10 blank trials 
 The slope of the 
curve 0.6068; 
 t = 2.26 for n-1 = 9 
degrees of freedom 














Range: 0.05 to 5.0 
mg/L PO4-P 
 The tank 10 mm 
optical path; 
 λ = 690 nm; 
 10 sample test conc. 
0.05 mg/L PO4-P 
 The slope of the 
curve, b = 0.6068; 
 t = 2.26 for n-1 = 9 
degrees of freedom 
at P = 95%; 
MDL= 0.025 mg/l 
  






Cexp.- concentration value read from a standard   
         calibration curve 







0.05 0.056 +0.120 
0.60 0.615 + 0.025 
1.15 1.163 + 0.011 
1.70 1.745 + 0.026 
2.25 2.277 + 0.012 
2.8 2.818 + 0.006 
3.35 3.373 + 0.007 
3.9 3.917 + 0.004 
4.45 4.465 + 0.003 
5.00 4.991 -0.002 
 











1 0.049 2.484 4.985 
2 0.048 2.493 4.991 
3 0.051 2.506 5.027 
4 0.050 2.476 5.016 
5 0.051 2.497 5.023 
6 0.049 2.519 4.981 
7 0.049 2.503 4.993 
8 0.050 2.479 5.019 
9 0.048 2.516 5.011 
10 0.051 2.482 4.978 
x0 0.050 2.496 5.002 
Sr 0.0012 0.0153 0.0187 
Sx 0.0004 0.0048 0.0059 
r 0.0033 0.0432 0.0527 




0.762 0.94 1.045 
 
 





























































































1 -0.2 5/10/2006 
2 0.2 5/23/2007 
3 0.18 9/6/2007 
4 0.16 2/21/2008 
5 0.18  
6 -0.50 5/22/2008 
7 -0.04 10/26/2010 
 
f.Intralaboratory precision 
Be evaluated through analysis, each set of 
tests, a control sample of 1.5 mg/L PO4-P, which is 
prepared from a solution of 50 mg/L which is stable 
for  at  least  three  months  (prepared  from KH2PO4 
 
 
It is noted that the score  z ≤ 2 


















Z score interpretation developments will be made 
after a number of more results. 
 
 
99.9%, Merck). It performs analysis of two samples 
of this solution, the average control chart is plotted. 
The Chart period covers the interval: 
02.02.2010 to 09.02.2011. 
It was assessed at 
the lower, middle 
and the upper limit 
of field work, a 
total of 10 
samples, by 
calculating: 
 arithmetic mean x0; 
 standard deviation, Sr; 
 average standard 
deviation, Sx 
 repeatability limit, r 
 relative standard 
deviation, RSD 
         It was assessed by participation in 
proficiency testing schemes in programs 
and inter. The following results were 
obtained according to the theoretical 
value and the mean concentrations X0 
participating laboratories:  
 X0 laboratory results reported by an 
uncertainty at kP=95%= 2; 
 Z-score calculated for the lab.; 
 SR-reproducibility standard deviation. 
          It was assessed by participation in 
proficiency testing schemes in programs 
and inter. 































































































































































































measured values X0+2S average value X0+3S
value
 
Figure 2. Results from a system in statistical control 
Interpretation 
A) Short-term rating:  
No values are outside the control limits, there are 
two values outside warning limits but previous 
values are within the warning. 
B) Periodic evaluation by sequential test 
 After the position data to the central line: there 
are 40 central and 40 values above the values 
below the line. The longest sequence obtained 
from the 80 values for 5 and a confidence limit 
of 0.05, the process is considered normal (50 
values this number should not exceed 10). 
 by increasing or decreasing trend: the long 
sequence is 4, there was a systematic trend 
(seven of 80 attempts allowed).In conclusion, 
the process is in statistical control. 
g. Recovery 
The fraction of analyte added (fortified) to the 











C1 - concentration measured in the fortified sample 
C2 - concentration measured in the unfortified 
sample 
C3 - fortifying concentration 
It is recommended that recovery must be 
calculated for each level of analyte in the samples if 
it appears that there may be differences or calculate 
a mean recovery when working on the recoveries 
are very close together. Laboratory has proposed 
that recovery to be in the range 90-108%. 
Were analyzed wastewater samples that were 
fortified with solutions prepared from reference 
materials of different concentrations resulting in the 
following recovery rates: 
 
R% = [(1.145-1.008)/0.15 ] ·100 =91.33  
 
R% = [(2.57-1.2)/1.46 ] ·100 = 93.8 
 











Comparison of data obtained with the requirements 



























Field 0.05-5.00 mg/L PO4-P 
Slopem b 1.00±0.03 1.00 - - 0.9979 
Originally ordered, a - 0.05 - - 0.023 
Blank 0.010±0.010 0.004 - - 0.003 
Correlation coefficient - - - 1.000 0.9999 
Confidence interval ±0.12% ±0.04 ±0.07 - ±0.03 
Sx0 - ±0.018 ±0.035 - 0.015 
CV% ±2.5% ±0.7% ±1.4% - 0.57% 
LLD - - 0.010 - 0.009 
MLD - - 0.02 - 0.025 


















RSD < 0.6·2(1-.5·lgC) 
Conc. 
0.05 mg/L 
0.0237 < 0.762 
2.5 mg/L 
0.061 < 0.94 
5.00 mg/L 
0.037 < 1.045 
 
 
Precision,   
reproducibility 
 
- - -  
 
Z Score ≤ 2 
Z = -0.20 
Z = 0.20 
Z = 0.18 
Z = 0.16 
Z = 0.18 
Z = -0.50 
Z = -0. 04 
Recovery 
 







1.14848 Merck method has proved to be 
suitable for their intended purpose because it is 
linear, accurate and precise. 
The method proved to be linear in the range of 
concentrations from 0.05 to 5 mg P/L by performing 
the verification tests: homogeneity of variances and 
linearity. The method is accurate, which results 
from the study demonstrate the repeatability and 
inter comparison. 
The method is accurate, as demonstrated by 
calculating the displacement (bias) across the field, 
values ranging between -0.002 and 0.12. 
 
The Merck 1.14848 Spectroquant Method: 

 
helps to achieve rapid and reliable results; 

 
module is very simple; 

 
reduced working time; 

 
covers a convenient work; 

 
cost analysis is lower than the standard method; 

 
is less polluting. 
To ensure quality results, Merck offers a 
range of products: 

 
COMBICHECK-used to check the whole 
process of measurement. It is a mixture of 
known concentration of analytes that can build 
a chart control; 

 
PIPECHECK-used for verifying pipettes, 






PHOTOCHECK-used to verify the operation 
of equipment, with standard solutions of 
second order approved by NIST, the three 
wavelengths (445, 525, 690 nm) the absorbance 
for each of four levels; 
Measuring equipment was verified using 
PhotoCheck, lot: 898 824 HC: 
 
 
















verified Value Tolerance Obtained value Validation Obtained value Validation 
445/1 0.195 ±0.020 0.197 YES 0.196 YES 
445/2 0.494 ±0.030 0.500 YES 0.504 YES 
445/3 0.997 ±0.040 1.010 YES 1.014 YES 
445/4 1.506 ±0.050 1.519 YES 1.513 YES 
525/1 0.202 ±0.020 0.200 YES 0.199 YES 
525/2 0.495 ±0.030 0.504 YES 0.503 YES 
525/3 0.991 ±0.040 1.005 YES 1.004 YES 
525/4 1.500 ±0.050 1.516 YES 1.505 YES 
690/1 0.201 ±0.020 0.202 YES 0.201 YES 
690/2 0.498 ±0.030 0.493 YES 0.497 YES 
690/3 0.988 ±0.040 0.985 YES 0.990 YES 
690/4 1.490 ±0.050 1.477 YES 1.475 YES 
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